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Preface

This research was performed to determine the potential of

developing electro-optical satellite tracking telescopes on board

high altitude powered platform. A computerized simulation model was

developed to conduct a comparative analysis of a hypothetical system

of air based telescopes with the Ground-Based Electro-Optical Deep

Space Surveillance (GEODSS) System. Some effort was also devoted to

assessing the feasibility of an air based satellite tracking telescope.

Thanks go to Professor Edward Dunne for his guidance in the

analysis procedures, Professor James Lange for his assistance in

electro-optics, and Capt. Charles Ruberson for his help in obtaining

. cloud cover data.

Richard T. Salmon
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Abstract

""The purpose of this research was to evaluate the possible benefits

of an air based system of electro-optical satellite tracking

telescopes. A computerized simulation model was developed to conduct a

comparative analysis of a hypothetical system of air based telescopes

with the Ground-Based Electro-Optical Deep Space Surveillance (GEODSS)

System. The simulation includes a first order optimization process for

selecting a satellite surveillance system and a many-on-many engagement

model to test the effectiveness of the surveillance system selected.

In addition, the user can input a preselected surveillance system and

test Its effectiveness.

The user specifies the characteristics of the surveillance system

and the basing locations, if they are preselected. Cloud cover data can

*be entered with preselected ground sites. Target satellites included

four sets of representative satellite systems.. The user selects the

targets, defines the mission time, and determines the percentage of

each target system which must be tracked.

Preliminary results indicate that an air based surveillance

system with three dispersed telescope platforms could outperform a

system of five candidate GEODSS sites.
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AN EVALUATION OF THE EFFECTIVENESS OF DEPLOYING
ELECTRO-OPTICAL TELESCOPES FOR SATELLITE TRACKING

ON HIGH ALTITUDE POWERED PLATFORMS

I Introduction

Background

Optical sensors provide an important input to the Space Detection

and Tracking System (SPADATS), a network of sensors maintained by the

Air Force to monitor all man-made objects in space (Ref 1:Ch 2).

Unlike radar, optical sensors can with relative ease track a satellite

in deep space. The Baker-Nunn camera, classified as a modified Schmidt

telescope, is currently SPADATS' primary deep space sensor. This

telescope can track an object the size of a basketball at 35,000

nautical miles (Ref l:Ch 2, 20).

Unfortunately, the presence of the atmosphere limits the utility

of these sensors. The atmosphere limits telescopes in five ways

(Ref l:Ck 5, 31-32). The first limitation is due .to weather. Clouds,

fog, and rain severely degrade atomospheric transmission. The second

limitation is that the atmosphere is not transparent to all regions of

the electromagnetic spectru. The atmosphere is actually opaque in

4i som regions of the spectrum. The third problem Is that the atmosphere

scatters light. Thus an astronomical telescope cannot detect faint

objects in daylight, and at night even city lights limit the depth that

can be probed by a telescope. The fourth problem Is caused by

variations in tte density of the atmosphere. It is these variations

| which cause the star% "o twinkle. Finally, the fifth limitation Is

that under 5...

"o1

'p
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conditions the atmosphere can emit light. The auroras illustrate this

ability. As a reslt of these limitations, it is desirable to locate

optical telescopes at remote sites at high altitudes. This creates

severe complications in choosing sites for SPADATS' optical sensors.

. Airborne electro-optical telescopes have been proposed as a means

of circumventing some of the atmospheric limitations. In 1967,

Nortronics (Palos Verdes Peninsula, California) conducted a design

study for an airborne electro-optical surveillance system (Ref 2).

Since then, the feasibility of using airborne optical sensors for

satellite tracking has been demonstrated. In 1970, a long-wavelength

infrared search/track radiometer, mounted on a U-2 aircraft,

.successfully acquired and tracked Pegasus satellites up to a range of

720 nautical miles (Ref 3:81-94).

Most experience with airborne optical sensors has been gained by

astronomers using infrared telescopes. Because the atmosphere absorbs

infrared radiation, celestial observations from the earth's surface are

limited to views from high altitudes through narrow "atmospheric

windows" at 1 to 2.5, 3 to 5, 8 to 12, 20, and less clearly at 350

microns (Ref 4). At sea level, most'atmospheric absorption of the

infrared is due to water vapor and carbon dioxide; however, the water

content of the atmosphere decreases rapidly with altitude, and above

40,000 feet, the water content of the air is negligible (Ref 5:118).

The two types of vehicles which astronomers have used most successfully

as airborne observatories are balloons and airplanes. The balloon has

the advantage of high operating altitudes. For example, a 40-inch

far-infrared telescope has been carried to 95,000 feet several times by

balloon (Ref 6), and the NASA Ames Research Center has sent a

2



S -i balloon-borne 28-inch telescope to 100,000 feet (Ref 4). The Ames

Center also operates a Leariet carrying a 12-inch telescope and a C-141

carrying a 36-Inch telescope (Ref 7). Although these aircraft can

operate only up to 45,000 feet, they can carry equipment operators in a

shirt sleeve environment, the flight path is controlled, and the pay-

load is not at risk. In addition, the C-141 can carry a large payload.

But neither the balloon nor the airplane are practical for

satellite surveillance (Ref 8:Sec B.2). Balloons have little station-

keeping ability. This imposes a serious constraint since sensor data

S.. must be sent to the ground where It can be processed. Airplanes, on

the other hand, would be too expensive. Due to expected aircraft

availability, at least three planes would be required at each station

to assure 16 hours/day operation.

A third kind of high altitude sensor platform is still under

development. Both the Air Force (Ref 9) and the Navy (Ref 10) have

sponsored programs for the development of an unmanned high altitude

airship (or aerostat).

This concept combines some of the advantages of the airplane and

the free balloon since the vehicle should be able to maintain a

stationary position above the ground at 70,000 feet. The Air Force

sponsored program has demonstrated that such an airship can be built.

In May of 1970, High Platform II, a solar powered airship, was flown.

0 This vehicle had a design speed of 10.3 meters/seconds at 20 kilometers

above sea level. In spite of two attempts, the Navy has not yet

sponsored a successful flight, but their effort is perhaps more

ambitious. The Navy's High Altitude Superpressured Powered Aerostat

3
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(HASPA) program has built an o' ship which in designed to maintain a

payload of 4,000 pounds at 70,000 feet for 1 year.

The development o1 a practical high altitude airship has been

slowed by two serious problems (Ref 11). The most serious of these

problems is developing a suitable hull fabric. The high operating

altitudes impose a severe strength to weight ratio requirement.

Materials exist which can meet this requirement; but finding a material

which also resists abrasion, tolerates temperature extremes, and

tolerates ultraviolet light is a problem. The second problem is that

the high altitude airship requires a lightweight power system for

-V payload operation and propulsion. Several types of power systems are

being studied as alternatives. Perhaps the most probable candidate for

long duration flights is a regenerative power source utilizing solar

arrays (Ref 11). However, NASA is evaluating the feasibility of

powering an aerostat or even an unmanned lightweight airplane with a

microwave power system (Ref 12). This should also be suitable for long

duration flights. For short duration flights, up to 30 days or more,

technology is currently available to assemble a gasoline fueled,

turbocharged, reciprocating engine capable of providing sufficient

power (Ref 13).

The latest effort to build a practical high altitude airship is a

concept called Ri-Spot for high altitude surveillance platform for
li over-the-horizon targeting (Rtef 14). Hi-Spot could hover at 60,000 to

80,000 feet for as long as 155 days. It would be 504 feet long and

154 feet in diameter, would carry a 550-pound payload, and would be

- propelled by a 27 meter diameter propeller powered by a hydrogen fueled,

air breathing engine(s). The Hi-Spot concept is being studied for the

4



Navy by Lockheed Missile & Space Company for applications including

air/sea surveillance, communications relay, remote sensors readout, and

signal intelligence (SIGENT) collection missions. The Lockheed design

is being considered for a Fiscal 1984 start of a technical risk

reduction program and scale model demonstration.

Objective of the Study

In the past (Ref 8:Sec B.2), the high altitude airship has been

summarily dismissed as a viable platform option for satellite

surveillance because of the relatively high development risk associated

with finding a suitable hull fabric and because of the limited

station-keeping ability of the proposed designs. However, interest in

developing a high altitude airship has continued, and HI-Spot may soon

demonstrate the feasibility of such a vehicle. Furthermore, NASA is

now investigating the feasibility of a High Altitude Powered Platform

(HAPP) which would be either an unmanned airship or airplane utilizing

a microwave power system. The results of their cost/feasibility study

appear promising (Ref 15). In addition, NASA has funded user surveys

in various areas of application (Ref 16). These surveys suggest that

the RAPP system would have the attributes of a low attitude

geostationary satellite. It would be particularly useful as a

communications relay, and it would also be attractive in some remote

sensing applications where very frequent coverage is required.

dSince the implementation of a high altitude airship concept in

some form appears likely, the practical value of an aerostat for

satellite surveillance should be reassessed. The first step in that

process should be to determine what practical value the aerostat would

5



have in operational terms. The problem of interest here is to estimate

the effectiveness of a system of airship-based optical sensors

in performing the deep space surveillance mission and to compare this

to a system of ground-based sensors. Thus the objective of this study

is to assess the gain in mission performance due to three major

*.-" operational advantages conferred by the airship:

* . 1. The optical sensor would be relatively insensitive to weather

limitations.

2. The optical sensor could be stationed almost anywhere.

3. The infrared portion of the spectrum would be more readily

available to the sensor.

ModelingApproach

The comparison between the different modes of sensor basing, airship

versus ground basing, can be made by using a computer program derived

" -from HELBASE, a computer simulation model for the investigation of high

energy laser applications in the antisatellite role (Refs 17 and 18).

'. The purpose of RELBASE is (given specific mission requirements) to

determine the optimal configuration and nuber of laser weapons re-

quired to "shoot" a given number of satellites with a given probability

of success. The program can make these selections regardless of

whether the laser weapons are ground-, air-, or spacebased. To deter-

mine if a particular system design (number and location of weapons)

will meet the mission requirements, the program simulates several

battles. If the system Is unsatisfactory, the program selects the next

"best" weapon/location combination to add to the system. This ensures

that the weapons system selected can meet the mission requirements.

6



Obviously RELBASE needed to be adapted for this thesis. RELEASE

has been revised to do the following:

1. Allow the input of selected ground sites with predefined

": coordinates (latitude, longitude, and altitude) and

associated sky cover probabilities.

2. Account for the effect of weather on a ground-based sensor's

performance by utilizing sky cover probabilities In Narkov

chain model.

3. Determine if a target satellite can be tracked based upon the

sun/earth shadow, target, and sensor configuration as well as

the type of sensor involved.

The output from the model is the average time required to track

all of the simulated target satellites. For this study, target

satellite orbits were selected which emphasized the ability to detect

and track injections from parking orbits into highly elliptical,

12-hour orbits and to detect maneuvers.

Limitations, and Assumptions

Scope. This effort ts limited to comparing the performance of the

aerostat-based versus ground-based optical sensors in the role of deep

space surveillance and tracking. No comparison of Investment and

operating costs has been made. The ground-based system against which

the aerostat-based system was compared was the Ground-Eased Electro-

Optical Deep Space Surveillance (GEODSS) system which is now in the

process of being deployed.

Limitations and Assumptions. Since there has been only moderate

SInterest, an aerostat-based electro-optical telescope has yet to be

built that could meet the requirements for deep space satellite

o°/.• ,° • o° • -..-. • . o . . . . . . . . .

. . .. ... .,-. .-- :, : : .: . . -•: - . -. .i - - , - . , - - - - i : -. / - : . " - - i: : . : - .



. • surveillance. It Is somewhat uncertain how such a system would

perform. For the purposes of this study, however, it has been assumed

that an aerostat based electro-optical telescope can track objects in

geosynchronous orbit and that the expected problems with pointing

accuracy, position fixing, and weight limits can be overcome at a

reasonable cost.

Sites for the aerostat-based system were selected from 13 evenly

spaced latitudes from 60 degrees north through 60 degrees south. No

other limits were placed upon deployment. This is somewhat unrealistic,

however, it is possible that configuration of the aerostat-based

systems could be approximated in the real world. The aerostat based

optic.. sensors were assumed to be operating at 70,000 feet and without

weather Interference. Sites for the ground-based system were placed in

the same configuration as those sites selected for the GRODSS system.

The sky cover (weather interference) for each of the ground sites was

estimated using a model which assumed that the sky cover conditions

persisted for at least a 3-hour interval.

The orbital mechanics used In the model assume a simple two body

problem with the satellites acting as point masses. The Earth is

regarded as a simple sphere of radius 6378.145 kilometers.

Sequence of Presentation

Chapter 11 provides an overview of the computer simulation model.

n addition, some of the basic physical principles used in the model

are described. Chapter UII contains an explanation of the concepts

-. employed in each of the model's subprograms. Chapter IV gives the

results of the basing mode analysis. Chapter V, the conclusion,

Includes a summary of this thesis, some conclusions derived from this

work, and recomsndations for further study.

,



II Model Overview

This chapter presents a general overview of the program EOBAS.

The user inputs, the submodels, and some of the basic physical

principles which are used in the program are described. The program

NOBASE was derived from HELBASE (Refs 17 and 18), and it is analogous

to RELBASE in as such as one of its purposes is to select "the most

efficient" sensor system. However, IOBASE can also be used to evaluate

a system of sensors with user selected sites.

Definition of Terms

I. Basing Mode: This refers to the possible sensor locations.

The three alternative locations are the surface of the

earth, in an aircraft or aerostat, and in a circular orbit

around the earth.

2. Sensor: One electro-optical sensor which either detects

visible or infrared radiation from a specific sensor

type.

3. Sensor Type: A specific combination of specific electro-

optical sensor characteristics.

4. Sensor System: A collection of sensors selected from the

available sensor types.

5. Target: A single specific satellite which a sensor say

track.

-. -.-. ~~ .--- ~9 .



- . 6. Target Type: A group of targets which are related by a

common set of mission and orbital parameters.

7. Target System: The collection of all selected targets.

8. Mission: The operational capabilities around which the

sensor system is to be defined.

9. Most Efficient: Like RELBASE, ROBASE selects a system which

*is a first cut approximation of the optimal system. The term

"most efficient" is viewed in this sense.

User Inputs

The EOBASE program allows the user two distinct options. The

program can be used to select the most efficient sensor system, or it

can be used to evaluate a user selected system. Each of these options

' requires somewhat different input formats. Appendix A Illustrates

these input formats and provides a description of the various inputs.

However the user chooses to use the program, the following

categories of user inputs are required: general, sensor types, target

types, and mission data. Table I provides a summary of these inputs.

Up to five sensor types may be input. As illustrated in Table I,

both the basing mode and the sensor characteristics are needed to

specify a sensor type. One of three basing modes can be chosen for

each sensor type, the ground mode, the air mode, or the space basing

mode. If the user elects to have the BOBASE program select the sensor

*'2 *system; selection of the ground mode, Mode 1, limits deployment to the

latitudes on the surface of the earth; selection of the air mode,

* -. Mode 2, limits deployment 21.3 kilometers above latitudes on the

" - surface of the earth; and selection of the space basing mode, Mode 3,

10



TABLE I

User Inputs: General, Sensor Data, and Mission Data

Input Category Variable Dimension

General SEED -*

JCOUNT
NOWT -

ICOUNT -
DT Minutes

"-p --

INPUT
INPUTS -

SUNTYP -

Sensor Data Basing mode
Sensor
Cutoff/angular resolution Visual msgnitudes/

s teradians
Altitude Kilometers
Minimm tracking time Seconds

per cycle
Dwell time Seconds

Target Type Selection Del

Mission Data Target type
Target type tracking -

percentage
Mission time Minutes
Target type tracking -

priority

*Dimensionless parameter.
Note: Several sets of sensor and/or mission data are possible.

limits deployment to circular orbits around the earth at an altitude

specified by the user.

The EOBASE program provides the user with the selection of any

combination of four target types. These target types are permanently

stored in SOBASE, and they are intended to be reasonable

* -- representations of real world target possibilities. See Table II for

a description of the four types.

o1



TABLE II

Target Type Descriptions

Target Type I II 111 IV

Semimajor axis 22,260.0 22,260.0 42,164.0 42,165.0
(kilometers)

Orbital eccentricity .7 .7 0 0
(dimensionless)

Orbital inclination 1.1340 .7854 1.5708 0
(radians)

Argument of perigee 4.0143 4.5379 0 0
(radians)

Longitude of the
ascending node Random* Random Random 0
(radians)

Mean anomaly Random* Random Random Random

Number of targets 3 4 3 4

*Each set of targets is evenly spaced over 360 degrees.

A set of mission data inputs must be provided by the user with

each target type selection. These inputs define the minimum mission

requirements for tracking each type of target, and they are

particularly relevant when ROBASE is used to select the most efficient

sensor system. The target type tracking percentage is the percentage

of a particular type of target which must be tracked to ensure mission

accomplishment. The mission time is the maximum time a selected sensor

* system is allowed to accomplish the mission. This input must be the

12
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same for all target types. A target type tracking priority is assigned

to each target type (one Is the highest). The tracking priority is

used to determine which target is tracked first if two targets can be

tracked at the same time. A secondary criterion Is the target's range

from the sensor. The target with the shortest range, within a

particular priority group, is tracked first.

A fifth input category, ground site locations, is used when the

user wishes to input previously selected sites for sensors in the

ground mode. As shown in Table I1, the user enters the latitude,

longitude, altitude, and sensor type of each ground-based sensor.

Associated with each of these site locations is a sixth input

TABLE III

User Inputs: Ground Site Locations and Air and Space

Based Sensor Location Parameters

Input Category Variable Dimension
Ground site locations Latitude Radians

Longitude Radians

Altitude Kilometers
Sensor type

Sky cover probabilities Conditional
(see Table IV) Unconditional -

Air and space-based sensor Orbital radius or Kilometers or
location parameters coordinate thet radians

Eccentricity
Inclination or Radians or

coordinate theta radians
Longitude of Random

ascending node
Argument of perigee 0

*Dimensionless parameter

13



TABLE IV

User Inputs: Sky Cover Probabilities

Initial Starting Array # Array # Array # Array # Array #
Time Condition 0 hours +3 hours +6 hours +9 hours +12 hours

1700 L 0-3/8 1 2 4 6 8
4-8/8 3 5 7 9

'."~~ -, - - - , - - - '-' '- - -. - - -i L- -- -- '-- -" -.- > .- ..-.-.- - -- - - --. - :.-,.

2 000 L 0-3/8 10 11 13 15
4-8/8 12 14 16

4-8/8 19 21

0200 L 0-3/8 22 23
4-8/8 24

0 500 L 0-3/8 25
4-8/8

category, sky cover probabilities. These are the probabilities for the

[-A.

occurrence of less than or equal to 3/8 total cloud cover. These

probabilities are used to determine whether or not the sensor has a

cloud free line of sight. As shown in Table IV, the sky cover

probabilities for each site are inserted Into an array which requires

25 Inputs for each site. The probabilities are used to simulate cloud

cover conditions from 1700 hours to 0700 hours local tine. The InputF > values under the 0 hours column are the unconditional probabilities of
less than or equal to 3/8 sky cover at the Initial time. The remaining

14



inputs are the conditional probabilities of less than or equal to

3/8 sky cover given the initial sky cover condition and starting time.

Finally, the seventh input category is the air-and space-based

sensor location parameters. These inputs are used if the user wishes

to evaluate a user selected sensor system which includes air-or space-

-.based sensors. As shown in Table III, there are six inputs in this

S.i category. These include the sensor type and the orbital parameters

for a space-based sensor or the latitude (coordinate theta) for an air-

based sensor.

Basic Physical Principles

The fundamental aspects of orbital mechanics and sensor operation

as used in EOBASE are described below.

Orbital Mechanics. The EOBASE program employs the same techniques

and principles of orbital mechanics as utilized in the RELBASE

simulation (Refs 17 and 18). As stated in Chapter I as an assumption,

the techniques used here assume a simple two body problem with the

satellite acting as a point mass, and the earth is regarded as a simple

sphere of radius 6378.145 kilometers.

The coordinate reference system employed in the model is the

geocentric-equatorial system. This system has its origin at the

earth's center, and it is essentially fixed with respect to the stars.

Figure 1 depicts this reference system.

Sensor Operation. Both of the two classes of electro-optical

sensors which can be evaluated with KOBASE have to have two conditions

satisfied before they can be used for satellite tracking. First, the

sensors have to be located either In space or on the night side of the

5- 15
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clear line of sight to the target. Second, the sensor cannot operate

in the presence of cloud cover or with the earth between it and its

target.

Once these preconditions have been satisfied, the differences

between the sensors become important. The sensor class of primary

interest here (like the GEODSS system) uses the sunlight reflected by

the target satellites to detect them. The amount of sunlight which the

targets reflect is dependent upon the relative positions of Z1he sun,

the target, and the sensor. This relationship is illustrated in

Figure 2. For the sake of simplicity, all of the targets in the EOBASE

simulation are modeled as cylinders with an earth center orientation.

In addition, the irradiance of the sun (Ho) is assumed to be constant

throughout the orbits of the target satellites. In this case, the

irradiance of the light reflected by the target at the sensor can be

calculated if the following is known (Ref 19:12, 15, and 84-86): the

distance between the target and the sensor (R), the sensor aspect angle

(a), the solar aspect angle (0), the phase angle (*), the

reflectivity of the cylinder (Pc) and the endplate (Pp), and the

projected area of the cylinder (Ac) and the endplate (Ap). The

following formulas are employed.

Ho Pp Ap cos a cos
' Hp =

Ho P Ac sin a sin 0 (sin 8 + [T - 01 co e)
Eg Ic -

17
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L

where

Up - the irradiance at the sensor due to the end plate

Rc - the Irradiance at the sensor due to the cylinder

6, cos -  (coo * - coo a coo B sin a sin B)

The final value is computed in units of visual magnitudes of light.

MAG Mve - 2.5 loglo 

where

MAO the visual magnitude of the target at the sensor

number

-v
= the visual magnitude of the sun at the target

- 26.78 Mv

The visual magnitude of light from the target can then be compared

with the amount of light that the sensor needs to detect the target.

If the number is low enough (the smaller the number the more light),

then the sensor can detect the target.

The second sensor which can be considered using EOBASE detects

* .: satellites from their thermal emissions in the long wavelength infrared

(LWIR) range of 8 to 14 micrometers. Unlike the reflected sunlight

employed by the previous sensor, the emissions come directly from the

satellite itself, and their intensity and wavelength are primarily

19



dependent upon the temperature of the satellite. The emissions can

be modeled using Planck's Blackbody Radiation Law (Ref 20:Ch 1).

As indicated in Chapter I in the introduction, some experimental

work has been done with this kind of sensor using a U-2 aircraft

(Ref 3). However, the sensitivity of this system was not greet enough

to detect deep space satellites (Ref 3:Ch 3). The system ultimately

was limited by background infrared ealssions from the atmosphere and

the telescope itself. Nonetheless, this type of sensor has been

included as an EOIASE sensor option since it is conceivable that

further improvements in detector technology could make it feasible to

"W use it for deep space satellite tracking. Such a breakthrough, the

development of the vidicon imaging tube, has been extremely Important

in the development of visible wavelength sensors for satellite tracking

(Ref 21). The extremely small image cell diameters or detector spot

sizes which can be achieved with these tubes are to a great extent

responsible for the high sensitivity of the GEODSS system.

So, the long-wavelength infrared sensor is included in EOBASE

with two assumptions. First, the sensor will be either in a space-

based or air-based mode. The ground-based mode will be excluded

because of the relatively much higher sky background at lower altitudes

and because the presence of water vapor prohibits cooling the optics to

liquid nitrogen temperatures. Second, it will be assumed that the

sensor has sufficient sensitivity to track target satellites in

geosynchronous orbits in a reasonable time frame.

* Because of the effect that the earth's atmospheric radiance has

upon the LWIR Air-Based Sensor, an effort has been made to have ZOBASE

account for the loss of sensitivity as the zenith angle increases with

20
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respect to the sensor's line of sight to the target satellite.

Therefore, EOBASE calculates the irradiance at the sensor due to both

the target satellite and the atmosphere. The formula used to determine

the irradiance at the sensor (ET) from the target is based upon the

point source approximation (Ref 22:App 5)

L, () a2 TA X
CT r2

where

LXT (T) - the radiance of the target at the middle of the

sensor's soectral band

a - the radius of the target

TA - the average atmospheric transmittance

AX - the bandwidth of the sensor

r - slant range to the target

The irradiance at the sensor on a single detector field of view due to

the atmosphere (C 0 ) is calculated by (Ref 20):

O. 1 LXATA

where

i- - the field of view of a single detector

LXA- the radiance of the atmosphere over the spectral band

of the sensor

21



S, Once the irradiance at the sensor is known, the current response both

due to the target irradiance and due to the atmosphere can be

calculated (Ref 20). The current (IT) produced by the target can

be calculated by:

SR n(T) T e
iT,'" hc/T

where

SR - the area of the receiving optics

n(T) - quantum efficiency of the detector at the mean

wavelength of the sensor's spectral band

h - Planck's constant

=r 6.63 x 1O-34 Watts second+2

c speed of light

- 3.00 x 108 meters second- 1

- the mean of the sensor's spectral band

e - the charge on an electron

. 1.6 x l ,r19 Coulombs

The current response (iB) due to the atmospheric irradiance is:

SR rn(T) EB e

hc/T
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Once the current response is known, the signal to noise ratio (S/N),

assuming there is no source of noise other than atmospheric radiance,

can be calculated by:

iT/e IrtD
SIN -

ViTle + i/e

If the signal to noise ratio is sufficiently large, then the target can

be tracked.

Submodel Descriptions

The ten major subroutines associated with the program EOBASE are

SPHERE, CART, TARGET, SUNPOS, SIGHT, VISBLE, SLWIR, SIDEN, CLOUD, and

TRACK. Each is briefly described in this section. Expanded

descriptions of underlying models for these subroutines are found in

the next chapter.

SPHERE and CART. When EOBASE is used to select the most efficient

sensor system, SPHERE and CART are called to generate a sphere of

operations for each sensor type. Together these subroutines calculate

and store 410 points that are spread uniformly over this sphere of

operations which is fixed in the geocentric equatorial coordinate

system. Note that the radius of each sphere is defined by the altitude

of the sensor for which it is calculated. See Figure 3 for a

functional flow of SPHERE.

TARGET and SUNPOS. TARGET is used to randomly place all selected

targets into their proper orbits and store the cartesian coordinates of

their locations. The TARGET algorithm uses a random selection from a

uniform (0,21) distribution for the mean anomaly, a root solution
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to Kepler's equation for the eccentric anomaly, and a conversion to the

true anomaly. In addition, TARGET calls subroutine SUNPOS to randomly

place the position of the sun with respect to the latitude and

longitude that is oriented over the earth. See Figure 4 for the

functional flow of TARGET.

SIGHT. The purpose of SIGHT is to determine whether or not a

target can be tracked by a particular sensor from a given location.

SIGHT's answer is yes or no. If the target cannot be tracked, SIGHT

returns the calling program a score of 0.0. Conversely, if the target

can be tracked, SIGHT returns a value of 1.0. SIGHT uses the

subroutine VISULE or the subroutine LWIR. See Figure 5 for the

functional flow of SIGHT.

"" VISBLE. Subroutine VISBLE is used to determine if the amount of

visible radiation from the sun reflected to a particular sensor is

sufficient for the target to be detected. For the sake of simplicity,

the algorithm used in VISBLE assumes that the target is a simple earth

center oriented cylinder. See Figure 6 for the functional flow of

VISBLE.

SLWIR. The purpose of subroutine SLWIt is to determine if a LWIR

sensor can track a target satellite. SLWIR assumes the target Is a

Lambertian surface at 300 degrees Kelvin with one square meter of

surface area presented to the sensor. See Figure 7 for the functional

flow of LWIR.

SIDEN. Subroutine SIDEN uses the subroutines TARGET and SIGHT to

generate an "average target system sighting efficiency" value for each

point on each sensor type's sphere of operations. Subroutine SIDEN

25
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-" - does this by having TARGET randomly place the targets into their

orbits and then it uses SIGHT to score each point on each sphere of

' operations with respect to each target. See Figure 8 for the

-functional flow of SIDEN.

CLOUD. The purpose of subroutine CLOUD is to simulate the amount

of cloud cover at ground-based sensor site locations and then determine

* if the sensor is still functional. CLOUD is called only when

preselected ground-based sensor site locations have been entered into

the program. See Figure 9 for the functional flow of CLOUD.

TRACK. Subroutine TRACK is the portion of the EOBASE model

in which the simulation takes place. TRACK uses either the user

supplied sensor system or the sensor system selected by EOBASE to

* attempt tracking the target system within the mission completion time.

TRACK uses subroutines TARGET, SIGHT, and CLOUD. See Figure 10 for the

functional flow of TRACK.

* Main Program EOBASE

The main program, EOBASE, acts as a controlling program. EOBASE

is divided into three sections, an input section, an optimization

*section, and a confidence section. The optimization and confidence

* sections of EOBASE, together with its various subroutines, provide the

EOBASE with the capability to select the most efficient sensor system

from the input sensor types to accomplish a given mission. In the

event the user wishes to evaluate a preselected weapons system, the

" optimization section is bypassed and TRACK is called the number of

*times requested. See Figure 11 for a functional flow of EOBASE.
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Input Section. This section of EOBASE reads in all user inputs

and writes them back for verification. In addition, SPHERE Is called

to generate the sphere of operations for each sensor type when the

user directs EOBASE to select the most weapons system.

Optimization Section. The purpose of this section of the program

is to place the first (next) best sensor in the most efficient orbit or

latitude. The average target system sighting efficiencies, generated

by SIDEN, are used to decide the first (next) best sensor/path choice.

SIDEN is called each time a sensor is placed.

Confidence Section. The confidence section of the program runs

TRACK several times to determine if the selected sensor system can meet

mission requirements. If NOBASE is being used to select the most

efficient sensor system, the percentage of time the selected sensor

*-meets mission requirements is compared with some user selected

percentage. In the event that the user selected percentage Is higher,

-. ) SIDEN is called, and then control Is passed to the optimization section

and another sensor Is added to the sensor system. Otherwise, NOBASE

writes out the final selected sensor system. If the user wishes to use

EOBASE to evaluate a preselected sensor system, the confidence section

is used to run TRAC the requested number of times.

Summar 7 . The purpose of the EOBASE simulation program is twofold;

the program can be used to select the most efficient sensor system

which will meet mission requirements given no knowledge of the time of

the tracking sequence initiation, or the program can be used to

evaluate a preselected system. This chapter has included a functional

description of ROBASE and its submodels, and it is concluded with a
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table summarizing these subuodels, their functions, inputs, and outputs

see Table V). Chapter III provides an explanation of the concepts

employed by each of the EOBASE submodels, and it describes the efforts

which were made to validate the EOBASE program.

TABLE V

Summary of Submodel Functions

Submodel Function Inputs Outputs

SPHERE Calculate and store Radius Cartesian coordi-
cartesian coordinates nates of a sphere
of points on a sphere of operation
of operations

TARGET Place targets Target type Cartesian coordi-
randomly into orbits selections nates of all

targets

SUNPOS Place sun above earth Sun type Unit vector to and
selection longitude of sun

SIGHT Determines feasibility Target, sun, and Target sighting
of sighting target sensor locations, efficiency

sensor type, and
target type

VISBLE Calculates visual Sensor type, Target sighting
magnitude of target at vectors to target efficiency
sensor from origin and

sensor, vector to
sun, and range to
target

SLWI, Calculates signal to Sensor type, Target sighting
noise ratio for target zenith angle, efficiency
Irradiance versus range to target
background irradLance

SIDER Establishes the target Sensor type, Values of target
system sighting target type, sun system sighting
efficiency for each type, and spheres efficiency
point on each sphere of operation
of operations

(continued)
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TABLE V (continued)

Summary of Submodel Functions

Subwodel Function Inputs Outputs

CLOUD Simulates effect of Longitude of sun, Target sighting
cloud cover on ground longitude of efficiency
based sensor sensor, sky cover

probabilities

OPTIMIZE Select most efficient Average target Sensor system
sensor orbit or system sighting locatLonal
latitude to place efficiencies parameters
first (next) sensor

TRACK Engage targets in Sensor system, Number of targets
accordance with target system, tracked and target
mission data mission data system tracking

time
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III Model Development

The previous chapter provided a functional description of EOBASE

and Its submodels. This chapter contains a description of the concepts

employed by each of the various submodels described in Chapter 11. In

addition, the efforts made to validate EOBASE are presented.

Sphere of Operations (Subroutine SPHERE)

A "sphere of operations" is a stationary sphere in the celestial

reference system, and it is used to represent all of the possible

basing locations for a particular sensor type (see Refs 17 and 18 for a

more complete explanation).

Placement of Points. EOBASE uses 410 points to define a sphere

of operations. This number is the same as chosen for HELBASE

(Ref 18:Ch 2, 29), and it was chosen as a tradeoff between accuracy run

time and computer core memory requirements. The 410 points are

distributed among 19 latitudes starting with the equator and heading

north and south in 10 degree increments. The number of points on each

latitude is the number of points required to achieve the closest

approximation to a 10 degree arc spacing (see Table VI)., Subroutine

SPHR calculates the cartesian coordinates for each of the 410 points

for each sphere of operations.

Ground and Air Basins Modes. The sphere of operations for ground

' . based sensors Is the mean surface of the earth. For air-based sensors,
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TABLE VI

Number of Points on Each 10 Degrees of Latitude

True 'Latitude (degrees) Number of Points

0 36
10 35
20 34
30 31
40 27
50 23
60 18
70 12
80 6
90 1

Note: The southern hemisphere is a mirror
image of the northern hemisphere.

the sphere of operations is 21 kilometers (70,000 feet) above the mean

surface of the earth. The choice of this altitude is due to the

existence of a minimum wind velocity at this altitude (Refs 11 and 23).

A typical example of this minimum i shown in Figure 12. As noted by

Petrone and Wessel (Ref 11), although a considerable penalty in weight

and complexity is exacted at this altitude, the required power is much

" -, less (except of course at altitudes near sea level). As a first

approximation, drag (power consumption) and lift (power available) are

proportional to density while power consumption increases as the cube

of the velocity; thus a minimum in the velocity altitude curve

represents an optimal point for operations.

The possible alternatives for positioning a sensor in these modes

are limited to the set of latitudes from 60 degrees north through

60 degrees south spaced in 10 degree intervals. The position of both

Sround-and air-based sensors is considered fixed with respect to the
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earth, however, since the earth rotates over time, selection of a

particular longitude is not necessary. So, the sighting efficiency for

a latitude is approximated using the average sighting efficiency of the

set of evenly spaced points at that latitude.

Spac-Basing Mode. The space-basing mode is also available in

EOBASE. The sphere of operations for a sensor type in the space-based

mode is defined by a sphere at some given radius from the earth's

center. Since orbits precess at different rates based upon their

altitude, inclination, and eccentricity, the longitude of the ascending

mode for a sensor is randomly chosen by EOBASE. The inclination of an

orbit is the only parameter which must be selected. The inclinations

considered are 0, 15, 25, ..., 85, and 90 degrees. Each inclination

alternative Is defined by the points which lie over a latitude which is

less in degrees from the equator than the inclination of the orbit.

. These points are used to model the band swept out by an orbit as it

precesses around the earth in time. The average of the sighting

-efficiencies for all the points which fall within the band is used to

describe the sighting of the orbit.

TARGET and SUNPOS

Subroutine SUNPOS, when called by TARGET, uses the user input

SUNTYP to determine how to place the sun over the earth. SUNTYP canF-' have the values 1, 2, 3, or 4. With the values 1, 2, or 3, the

latitude over which the sun is oriented is fixed. The value I causes

the suti to be placed over the equator, 2 at 23 degrees north, and 3 at

23 degrees south. The value of 4 causes the sun to be randomly placed

1 between 23 degrees north and 23 degrees south. The procedure for
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. - randomly placing the sun assumes a circular orbit for the earth around

the sun so that the number of days since the last vernal equinox can

be randomly chosen from a uniform (0,365.25) distribution. Then the

angle between the earth at its randomly chosen position and its

position at the vernal equinox (relative to the sun) can be calculated

by:

2w rad.
9 number of days since last vernal equinox

365 days/year

From 0 the declination angle (6) to the sun, that is the angle

_: between the earth's equatorial plane and the vector to the sun, can be

calculated as shown below (Ref 24).

5 - sin (sin a sin 8)

where

S= the angle between the earth's equatorial plane and the

". ecliptic plant

= 23 degrees

If a spherical earth is assumed, this last calculation provides the

latitude over which the sun resides since latitude and declination

angle then become equivalent concepts. In all four cases or sun

types, the longitude is randomly selected from a uniform (0,2w)
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distribution. Once the latitude and longitude are chosen, SUNPOS then

calculates a unit vector to the sun.

Subroutine TARGET Itself uses the orbital parameters of the

selected target satellites to randomly place them into their orbits.

Two orbital parameters are randomly selected, mean anomaly (M) and the

longitude of the ascending mode (0). Both are randomly drawn from a

uniform (0,2w) distribution. In order to position the satellite, the

mean anomaly is converted to the true anomaly using the "mean anomaly

to true anomaly technique" (Ref 25:185). H is related to the eccentric

anomaly by:

14 N E = e sin E

where

e - the orbital eccentricity

A numerical technique is used to find E. Then 9 is used to calculate

the true anomaly, V, bIv:

V COC e cos E1
v - cos - 1 Le cos c - 1

Note that the numerical solution procedure is not necessary where

e 0 0, since in this case M - E - V.

SIGHT

Subroutine SIGHT is used to determine the feasibility of tracking

* a target at one point by a sensor at another given location. Several
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checks are made by Subroutine SIGHT. The first check is for line-of-

sight interference with the earth. Next, in the case of ground and air13
based sensors, a check is made to determine if the sensor is on the

dark side of the earth. Then, in the case of sensors employing visible

light, a check is made to determine if the target is in the earth's

shadow. Finally, Subroutines VISBLE (for visible light detecting

sensors) and SLUIR (for LUIR detecting sensors) are used to determine

if the quantity of light from the target reaching the sensor Is

sufficient for detection of the target to occur. If any of these

checks are violated, the subroutine returns a sighting efficiency value

*of 0.0 for negative acquisition. However, if all the checks are

passed, a value of 1.0 is returned which indicates that tracking of the

target Is feasible.

All of these checks are made with vector algebra using the

appropriate vectors. For example, whether or not ground and air-based

sensors are on the earth's dark side is determined using the inner dot

product of the vector to the sensor and the unit vector to the sun. t

negative value indicates that the sensor is in the earth's shadow.

VISSLE and SLVIR

The basic principles employed in VISBLZ and SLUIR have been

previously explained as part of sensor operations in Chapter II.

In the case of the visible light detecting sensors, Subroutine

VISBLE is used to calculate the required angles: a, 0, and *.

These angles together with the target's range from the sensor, and the

target's plate and cylinder mreas (these areas are stored with the

target's orbital parameters) are used by VISBLE to calculate the visual
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magnitude of the target at the sensor. The value must be less than the

- maximum required by the sensor for detection to occur.

Subroutine SLWIR is used in the case of the air-based LWIR sensor.

SLWIR Is supplied with the angular resolution of the telescope, which

It converts to the detector field of view, and the detector dwell time

as user inputs under sensor type. Subroutine SIGHT provides the angle

from the zenith and the range to the target. Also, SLWIR uses two

permanently stored arrays which contain the values for the atmospheric

radiance and transmittance for a standard U.S. atmosphere (Ref 26)

*-- looking into space from 21 kilometers at zenith angles from 0 to 80

degrees at intervals of 10 degrees. In addition, SLWIR contains the

-assumptions :.hat the target Is a Lambertian surface 1.0 meter in

*: diameter, at 300 degrees Kelvin, with a radiance of (441w) Watts

- meter 2 steradran 1 (over the spectral range from 10.5

micrometers to 12 micrometers); that the receiving optics are 1.0 meter

in diameter; that the detector efficiency is .25; and the sensor has a

* bandpass 10.5 micrometers to 12 micrometers. With these assumptions

*: and Inputs, SLWIR calculates a signal to noise ratio. If the ratio is

* greater than or equal to 6.0, the sensor is considered capable of

* detecting the target satellite.

SIDEN

Subroutine SIDEN is used to calculate an average sighting

efficiency for each point on the sphere of operations for each sensor

, type. These sighting efficiencies are used by the OPTIMIZE to generate

path sighting efficiencies for all possible paths for each sensor type.

For one point looking at a target, Subroutine SIGHT returns with

S, the sighting efficiency, with a value of 0.0, target not sighted, or
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* 1.0, target sighted. With n targets, the target system sighting

efficiency is calculated by:

n
S-- Sk

k-l

where

Sk  the sighting efficiency of the kth target

Since the targets and the sun are randomly placed, the system sighting

concept can be extended for a iterations to achieve greater accuracy by

calculating an average target system sighting efficiency (1FF). EFF is

calculated by:

a n

FF Sjk
j-1 k-l

where

Sjk - the sighting efficiency of the kth target at the

Jth iteration

The input variable JCOUNT is equal to J and determines the number of

*- iterations used to calculate EFF.

CLOUD

- Subroutine CLOUD is called by Subroutine TRACK to simulate the

" interference of cloud cover with ground-based sensor operations. The
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major assumuptions demonstrated In this submodel are: (I) a ground

based sensor is relatively ineffectual at greater than 3/8 sky cover

and effective at less than or equal to 3/8 sky cover, (2) the

percentage of total sky cover tends to be either extremely low or

extremely high, and (3) the amount of total sky cover does not tend to

change radically in less than 3 hour intervals. The basis for the

first assumption is the Air Defense Comand's (ADCOM) criteria for site

selection for the GEODSS sites (Ref 27). ADCOM has used the decimal

fraction of less than or equal to 3/10 sky cover over the tracking

period (1800 hours to 0600 hours) as one measure of effectiveness for

the candidate GEODSS sites. Previous experience with the Baker-Nunn

camera system has found that the average number of tracks submitted is

approximately equal to the square of the probability of less than or

equal to 3/10 sky cover times the number of scheduled tracks. The

3/8 sky cover figure was used in this study for two reasons: (1) sky

cover is usually reported in eighths and (2) GEODSS is expected to do

30 to 40 percent better than the Baker-Nunn system (Ref 27). The

second Assumption is based upon existing data and observations. For

example, Lund and Shanklin (Ref 28) report that, of over 12,000

observations, 57 percent were either 0/10 sky cover or 10/10 sky cover.

The third assumption is also based upon observation. Lund and Shanklin

(Ref 29) indicate that initial conditions for a line of sight will on

*! the average persist, whether cloud free or cloudy, for a greater than 3

hour period more than 50 percent of the time

CLOUD operates in the following sequence. First, CLOUD determines

the local site time relative to the longitude over which the sun
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resides. Then, if the time falls between 1700 hours and 0700 hours

* local, CLOUD checks the appropriate (see Table IV in Chapter II)

unconditional probability for that time relative to a random number

selected from a uniform (0,1.0) distribution. Thereafter, based upon

the results of the comparison, the initial sky cover condition is

established and the appropriate conditional probability is checked at

3-hour intervals.

OPTIMIZE

OPTIMIZE, a section of the main program EOBASE, is used when the

user wishes to have EOBASE identify the most efficient sensor system.

OPTIMIZE uses the output from SIDEN to search all the allowable paths

for the path with the highest "path sighting efficiency." For ground

and air-based sensors, a "path sighting efficiency" at each latitude

from 60 degrees north to 60 degrees south at 10 degree intervals is

calculated. For space-based sensors, there are ten orbital "bands"

which are defined by the inclinations of the orbits. As noted in the

* first section of this chapter, "Spheres of Operation," the coordinates

supplied by Subroutine SPHERE are used to model these orbital and

latitudinal paths (see Refs 17 and 18 for further details).

Subroutine TRACK is used by the confidence section of EOBASE to

* simulate, at some random starting time, a tracking engagement between

the selected sensor and target system over the mission time. TRACK

* has dual purposes. If the sensor system is supplied by the user, TRACK

-4 merely simulates the nunber of tracking engagements indicated. If,

48



however, the sensor system is supplied by EOBASE, then the confidence

section of EOBASE uses TRAC to check the adequacy of the sensor system

in terms of meeting the mission requirements. If the sensor system is

found to be inadequate, then OPTIMIZE is used to select another sensor

for the sensor system.

Sensor Placement. Several methods are used to place sensors.

These methods differ according to the basing mode of the sensors and

according to whether or not the sensor system is user or EOBASE

selected. In the case of user selected ground-based sensors, the

sensorss coordinates are already specified, latitude, longitude, and

altitude. So, TRACK merely converts these coordinates to cartesian

coordinates. In the case of air- and space-based sensors, only the

latitude or the inclination and the altitude respectively are supplied

by the user. Therefore, TRACK mast calculate the remaining positioning

coordinates. Air-based sensors are placed so that the sensors occupy

equally spaced longitudes around the globe. The basing longitude of

the first sensor to be placed is randomly chosen, and all the other

air-based sensors are located with respect to it. The sensors on the

latitude on which the most sensors are located are placed first to

prevent a large number of sensors from being clumped together on the

same latitude on the same side of the globe. Then the latitude with

the next largest number of sensors is considered, and so forth.

Space-based sensors are arranged by giving sensors which share the same

inclination equally spaced values for the mean anomaly and the same

value for the longitude of the ascending mode. NOBASE selected

ground-based sensors are placed in the same way as air-based sensors.
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It should be emphasized that TRACK does not consider geographical

~ features as part of the sensor placement process. Sensors, therefore,

may be placed at unrealistic locations such as broad ocean areas or

even the Soviet land mass. Nonetheless, the system configuration

selected by EOBASE is a good indication of what the relative positions

of the sensors should be.

Target and Sensor Movement at Each At. All sensors and

targets are assigned Initial locations at the beginning of each

*".- tracking sequence. For targets and space sensors, the initial position

In orbit is determined by a random selection of the mean anomaly and

the longitude of the ascending mode. At each time increment (At),

the mean anomaly advances (AM). This effect is given by:

AM - (i/a3)1/2 (At)

where

'i - 3.986 x 105 ks3/sec2

a = semlmajor axis of the orbit

The new mean anomaly is then calculated and converted to the true

anomaly, and from this, the new position is found.

The movement of ground and air-based sensors is due to the

rotation of the earth with respect to the fixed geocentric coordinate

frame. The effect of the earth's rotation can be determined by adding

the rotation of the earth to the previous location; thus moving the

sensor to a new longitude L. The new L is calculated by:

L = Lo + 2w (At/140)

where

, "Lo - the previous longitude
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* .i EOBASI Validation

The "Towards Validation" methodology proposed by Haley and Ghelber

(Ref 30) was used as a guideline for the ROBASE validation process.

The process is divided into four parts: (1) conceptualization,

(2) verification, (3) credibility, and (4) confidence.

Conceptualization. The purpose of this step is to determine if

the early stages of model development are reasonable and valid. This

includes a statement of the model's purpose, degree of accuracy,

assumptions, limitations, and a structural framework. These items are

contained In Chapters I and 11 and in this chapter and have been

coordinated with experts in the areas of operations research, physics,

and astrodynamics.

Verification. There are four parts to the verification process:

*(1) structural walk-through, (2) verification of technical processes,

(3) simulation of predictable states, and (4) testing of stochastic

events. The structured walk-through was accomplished for all

subroutines as well as the overall EOBASE simulation. See Chapter 11

for descriptions of the event-path logic flow diagrams for all

subroutines. The technical processes associated with ROBASE are

discussed in detail in this chapter. Proper coding of these processes

was checked by comparing subroutine outputs with hand calculations. In

some cases the set of predictable states was chosen based upon extremes

of what could occur in the real world. ?or all experiments, a basic

scenario was chosen and the parameters were Identical to those in

Table VII unless otherwise specified. Table VIII provides the

experiments (variations from Table VII) and Table IX provides a
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TABLE VII

Basic Scenario

Initialization

SEED 421. -
JCOUNT 40 -
NOWT 1 -
ICOUNT 40 -
DT 5. minutes
P .899
INPUT 3
INPUT2 0
S UNTYP 1

Sensor

Mode 1.
Type 1.
Cutoff/detector field of view 16. visual maguit4des
Altitude 0. kilometers
Cycle time 120 seconds
Dwell time 0. seconds

lTret Selection and Mission Data

Target type 4
Negation percentage 100
Negation time 1440 minutes
Tracking priority I

Ground Site Data*

Latitude 1.5708 radians
Longitude 0. radians
Altitude 0. kilometers
Sensor type 1.0 ---

Sky cover probabilities

* Three sites are entered separated by (2w/3) radians of

- longitude.

I All elements of the sky cover probabilities array are set
equal to .5.
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TABLE VIII

Experiment Descriptions

1. Three sensors: on the equator, 120 degrees apart
Four sensors: on the equator, 90 degrees apart

2. Make one run with Target Type 4 only
Make one run with Target Types 3 and 4

3. Three sensors: sensitivity cutoff equal to 13.5 visual magnitudes
- - Three sensors: sensitivity cutoff equal to 16 visual magnitudes

4. Make one run with sky cover probabilities all equal to .5
Make one run with sky cover probabilities all equal to 1.0

- 5. Three sensors: equally spaced around the globe at 30*N, .00,
and 30"S, SUNTYP - 2

Three sensors: equally spaced around the globe at 30"N, 0,

and 30"$, SUNTYP = 3

TABLE IX

Experiment Results

Experiment Predicted results Actual results

1 Target system negation times shorter *
with four sensors

2 Target system negation times longer *
with second target type

3 Sensor system with lower sensitivity cut- *
off has longer target system negation
times

4 Run with sky cover probabilities equal to *
1.0 has shorter target system negation
tImes

5 Sensors in summer hemisphere track fewer *
targets than sensor in winter hemisphere

* Actual results matched predictions.
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comparison of expected results to the actual results. Testing of

stochastic events was unwarranted since all random numbers were

selected from a uniform distribution using Fortran IV's random number

generator.

Credibility. The third phase, credibility, deals with intuitive

(face validation) and statistical (sensitivity analysis) appeal of

EOBASE. Face validation of 1OBASE was accomplished by consultation

with experts in operations research and physics concerning the physical

processes modeled and the structure of the model. Sensitivity analysis

was performed on two variables to determine their effect on accuracy

and processing time. JCOUNT was varied to determine how large it has

to be to get consistent path selections from EOBASE for an air-based

visible light detecting sensor. The same inputs described in Table VII

were used except INPUT was set equal to zero, Target Types 2 and 3 were

selected, and the sensor location and sky cover probability inputs

were deleted. A STOP was inserted into the program so that only the

first sensor path choice was output. Ten trials each of JCOUNT were

made at values of 5, 10, 20, 40, and 80. The results indicate that

JCOUNT must be at least 20 to obtain consistent path selections.

Target Type 2 appears to have the most influence upon path selection in

this case and causes the most northern latitudes to be favored. The

simulation time step At was also subjected to sensitivity analysis.

The same inputs as shown in Table VII were used except Target Types 2

and 3 were selected and ICOUNT was set equal to 10. As shown in

. TABLE X, At was varied from 5 through 80. The results confirmed that

the number of successful missions increases as At decreases until At
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equals 10 minutes. Then there is essentially no difference in the

average target system tracking time using 5 minutes versus using

10 minutes for At.

Confidence. Further confidence in the ability of the KOBASE model

was built by examining the cost/benefit of additional information and

TAAIK X

At Experiment Results

Number of successful
At missions*

5 9
10 9
20 8
40 7
80 6

. Out of 10 trials.

by proper documentation of the model. Analysis of the sensitivity of

7 ROBASE to JCOUNT and At indicated the cost of further Information.

Each Iteration of JCOUNT with one sensor and six targets requires

0.3 seconds of execution time. Each time increment in TRACK with three

sensors and six targets averages 0.03 seconds of execution time.

The documentation of EOBASE is fairly thorough. A "documentation

list" described by Shannon (Ref 31, 262) requires the following:

Flow diagrams of each module and the overall model

--Chapter 11

Description of inputs necessary for executing the program

--Chapter 1I, Appendix A, and Appendix B
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- Definitions of the program variables not used as inputs

--Appendix B

Verbal description of the purpose and function of all

nodules

--Chapter II and Chapter III

Input deck set up to run

--Provided separately

Listing of program

--Appendix I

The validation results indicate KOIASE is performing as deacribed.

The conceptual validity of the underlying physical processes and

* •techniques described in this chapter and Chapter II has been

coordinated with experts in physics, operations research, and

astrodynamics. Chapter IV will present analysis results comparing

the ability of ground- and air-based sensors.

"-4
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IV Sensor System Basing Mode Analysis

The purpose of this analysis is to compare the Ground-based

Electro-Optical Deep Space Surveillance (GEODSS) system with a

hypothetical system of air-based sensors. The GEODSS system is a

military project, built for the Air Force to replace the quartet of

Baker-Nunn photographic telescopes (Refs 32 and 33). The first GEODSS

station began operations in May of this year at White Sands Missile

Range southeast of Socorro, New Mexico, and three other installations

are expected to take shape during the next two years on Mount

* " Haleakala, Hawaii; at Taeger, Korea; and at the naval base on Diego

- . Garcia in the Indian Ocean. A fifth site is planned for either

Ascension Island or the Iberian Peninsula.

Each of the GEODSS sites houses three tracking instruments. Two

- of the three have 1-meter apertures and a 2.1-degree field of view.

- Three telescopes can detect objects as faint as magnitude 18.5,

however, in normal operation, the cutoff is 16.0. The third telescope

has a 0.4-meter aperture, a 6.0-degree field of view, and its

magnitude cutoff is 14.5. The wider field of view and faster slow

"* rate of the small instrument make it better suited to the study of

lower altitude, brighter satellites.

The principle advantage of the GEODSS system Is that the data

'" . analysis is rapid. The time required per track is about one minute.

. ., - -
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Unlike the Baker-Nunn cameras which use photographic film, a GEODSS

sensor uses a SIT vidicon imaging tube, an advanced television camera,

so that data processing can be computer assisted. Thus the time

consuming process of photographic development required for the Baker-

Nunn camera Is avoided.

The characteristics of the hypothetical air-based sensor are less

easily defined. But, it is obvious that it should be like a GEODSS

sensor in that it would use a vidicon tube and computer assisted data

processing. Unfortunately it is also apparent that the sensor will

have to weigh much less and that both this lower weight and the sensor'

mode of basing would contribute to less pointing stability in the tele-

scope. The reduced pointing stability would reduce the image stability

-'- in the focal plane; hence, the sensitivity of the telescope could be

reduced. Fortunately, high pointing accuracy is possible with an

air-based telescope. The 36-Inch aperture telescope which NASA has on

board a C-141 can maintain a line of sight stability of 2 arc seconds

root mean square while in flight for at least 30 minutes (Ref 34). So,

it is possible that the pointing stability problem can be solved.

Also, the air-based telescope has several relevant advantages.

The air-based telescope receives a satellite's image with such less

loss in intensity due to atmospheric absorbency. This is critical at

high line of sight angles to the zenith. The LOWTRAN program was used

S to estimate this loss using the program's model for a standard rural

atmosphere (Ref 27). The transmittance to the air-based sensor at 23

kilometer above sea level was found to be virtually 100 percent at

A ,the zenith and 38.8 percent at 90 degrees to the zenith. However, the
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transmittance to the ground-based sensor was much less, only

44.6 percent at the zenith, and the transmittance dropped off as the

zenith angle increased. At 60 degrees to the zenith the transmittance

begins to drop off rapidly, and at 80 degrees, a sensor with a

magnitude 16.0 cutoff receives too little light from a target

- presenting 1.0 square meters of surface area to detect it even when

* haze conditions are favorable. The other advantage of the air-based

sensor is that the image which it receives does not suffer

significantly from the atmospheric effect "seeing," which is caused by

small fluctuations in the index of refraction of the atmosphere (Ref

19:26). Seeing causes a blurring of the image and thus reduces the

sensitivity of the telescope.

Since these advantages may just about make up for the pointing

stability problem, the sensitivity of the hypothetical air-based

telescope will be treated here as equal to that of the ground-based

telescope.

Methodology

The analysis was conducted in two stages. First the ability of

the GEODSS system to detect the target system was characterized using

the EOBASE program and then KOBASE was used to choose an air-based

sensor system and assess its ability to detect the target system

relative to the GEODSS system.

The data required to characterize the GEODSS system came from

several sources. The literature was consulted (Refs 32 and 33) to get

. estimates of the sensitivity of the sensor and the rate at which data

S from it could be processed. The coordinates of the GEODSS system used
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in this study are from a list provided by DODR, NORAD Headquarters,

Colorado Springs, Colorado. Table XI provides a list of the five

sites selected for this study. While this list does not necessarily

represent the final configuration of the GEODDS system, it is a viable

one. The sky cover probabilities for each of these sites was provided

by the USAF Environmental Technical Applications Center using data

from their nearest reporting station (see Table XII). Unfortunately

the proximity of the weather station and GEODSS site was not always as

close as desired. Thus, the data for the GEODSS site at Mount

Haleakala, Hawaii, is not as accurate as desired. This GEODSS site is

3000 meters above sea level whereas the weather station is near sea

level. Nevertheless, the sky cover probabilities for this site still

indicates predominately clear skies. Also, as indicated in the earlier

part of this chapter, LOWTRAN (Ref 27) was used to assess the

atmospheric transmittance at sea level and at 23 kilometers above sea

level. As a result, the SIGHT subroutine was modified to score a line

of sight with a zenith angle of greater than 70 degrees as 0.0 for

ground-based sensors, and thus not a clear line of sight. As

indicated in the first part of this chapter, the transmittance at

zenith angles above 70 degrees tends to drop off rapidly.

The capabilities of the GEODSS system were characterized in the

following way. First, the ability of the system to detect each target

type in a 24 hour tracking period was determined. A separate program

run was used to determine the capability of the GEODSS system to track

each target type, and the results of these runs were used to set the

mission inputs for each target type in all of the subsequent runs.
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TABLE XI

Locations of GEODSS sites

Site Name Latitude Longitude

1 Faro, Portugal 37.OON 7.92W

2 White Sands Missile 33.82N 106.66W
Range, New Mexico

3 Mount Raleakala, 20.71N 156.26W
Hawaii, AFB

4 Taeger, Korea 35.74N 231.39W

5 Diego Garcia 7.20S 287.75W

IT TABLE XII

Locations of Weather Stations

Site Name Latitude Longitude

1 not substituted

2 Holloman APB, 32.87 106.10
New Mexico

3 Kahuli, Hawaii 20.78 15.47

4 Taeger ARTCC, 35.74 231.38
Korea

S5 not substituted
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Next, the ability of the GEODSS system to track all four target types

simultaneously was evaluated. The average annual ability of the

GEODSS system to track the target system was estimated using the

average annual sky cover probabilities with the position of the sun

with respect to its latitudinal position over the earth randomly

chosen. The impact of the seasonal variation of the sun's position

and weather patterns was estimated in separate program runs using the

sky cover probabilities at the winter solstice (month of December) and

at the summer solstice (month of June) with the sun at its appropriate

latitudinal position. In addition, the extent to which the cloud cover

diminishes the effectiveness of the GEODSS system was estimated by

setting the sky cover probabilities all to 1.0. the GEODSS system

experiments required eight computer runs.

The capabilities of the air-based sensor were modeled around

those of the GEODSS sensor. Like the GEODSS sensors, tracks for the

air base sensors were limited to those with a line of sight less than

or equal to 70 degrees to the zenith. This cutoff was again chosen

since the intensity of the night sky background can be significantly

larger beyond this point (Ref 19:19-23). For example, night airglow

emission increases with increasing zenith angle because the telescope

looks through a larger emitting air mass.

The first step in evaluating the air-based system was to use

bOBASE to choose an air-based system sufficient to match or better the

performance of the GRODSS system in tracking all four target types

simultaneously. This system was chosen with the longitudinal position

of the sun randomly chosen. Then this system was evaluated in
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separate computer runs with the sun In its winter and summer solstice

positions. Next ROBASE was used to choose a sensor system with five

air-based sensors as opposed to five GEODSS sensors. Then the ability

of this system to track the target system was evaluated to determine

how well five air-based sensors could track the target system as

opposed to five GEODSS sensors.

Results and Discussion

As indicated in the previous section, the first step in

characterizing the ability of the GEODSS system to track the target

system was to assess its ability to track each individual target type.

The purpose of this step was to determine the maximum percentage of

each target type that the GEODSS system could reasonably be expected

to track in a 24-hour period. So, the GEODSS system was run against

each target type with the tracking negation percentage set to

100 percent, the mission time to 1440 minutes, and the tracking

*priority to I. The initialization and sensor type Inputs used for

these experiments and the remaining GEODSS characterizations are shown

in Table XIII unless otherwise specified. Also, the average annual

sky cover probabilities were used unless otherwise indicated.

The ability of the GEODSS system to track the first target type,

a satellite in the highly eccentric Molynia orbit, was never

100 percent in a 24-hour period. Apparently, the apogee of at least

one target satellite of this type is always oriented toward the sun

where it could not be sighted by any earth based sensor. Note that if

the angle between the sun and the sensor (with the target at the

vertex) is greater than 90 degrees, very little sunlight, if any, Is
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TABLE XIII

Basic Initialization and Sensor Inputs
for GEODSS System Simulation

Initialization

SEED 151 - -
JCOUNT 0 - -
NOWT 1--
I uwT 40 - -
DT 10. minutes
P .5--
INPUT 5 - -
INPUT 2 0 - -
SUNTYP 4--

Sensor

Mode 1.0 - -
Type 1.0 - -
Cutoff 16.0 visual magnitudes
Altitude 0.0 kilometers
Cycle time 120.0 seconds
Dwell time 0.0 seconds

reflected by the target to the sensor by an earth oriented cylinder.

This problem Is not remedied by placing a target (of type 1) with the

apogee of its orbit oriented toward the sun in another part of its

orbit because the very small portion of its orbit which is not

oriented to the sun is mostly in the earth's shadow where there is no

sunlight to reflect. The perigee of target type one is only 300

kilometers high. Nevertheless, since the longitude of the ascending

mode of this target type is always 120 degrees apart, the GEODSS system

can track at least two targets. In only three cases out of 40 trials

was only one target tracked, and two targets were tracked In all other

cases. As a result the GEODSS system could be expected to track two
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targets of this type, and so a tracking percentage of 65 percent was

used in all subsequent runs.

Target type 2 produced similar results, and it is also in a high

eccentric orbit. However, the longitude of the ascending modes for

this target type are separated by only 90 degrees. So, in this case

two targets could be oriented toward the sun. In 10 of 40 trials only

two targets were tracked. In the remaining trials, three targets were

tracked. So, the mission negation percentage was again set to

65 percent in all subsequent runs.

* Target types 3 and 4 produced similar results because both use

geosynchronous orbits. With target type 3, 28 out of 40 trials

resulted in all targets tracked; and with target type 4, 27 out of 40

trials resulted in all targets tracked. Thus, in both cases, the

mission negation percentage was set to 100 percent in all subsequent

computer runs.

The next step in evaluating the GEODSS system was to test its

ability to track all the target types simultaneously. The results of

these runs are shown in Table XIV. These four experiments suggest that

cloud cover has an important effect in reducing the effectiveness of

the GEODSS system. The number of successful runs increases quite

significantly when the sky cover probabilities are all set to 1.0. The

latitudinal position of the sun is also important. All but one of the

.GODSS sites is in the northern hemisphere, and Diego Garcia, the site
in the southern hemisphere, ts very close to the equator. Thus, the

latitudinal position of the sun can significantly alter the number of

hours the sites spend in daylight and are therefore not functional.
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TABLE XIV

Results of GEODSS System Encounters with the
Four Target Type Target System

Number of Successful
Experiment Trials

1. Average Environment 15

- Annual sky cover
probabilities

- Random sun

2. Winter Solstice Environment 26

- December sky cover
probabilities

- Sun at winter solstice

3. Summer Solstice Environment 12

- June sky cover probabilities

- Sun at summer solstice

4. Cloudless environment 34

- Sky cover probabilities all
set to 1.0

- Random sun

* Out of 40 trials.

This effect is important because the sun spends considerable time near

its latitudinal extremes, hence the name solstice. The seasonal

variation in cloud cover may also be important. Although the sites are

widely dispersed, with one exception, they all experience the same

seasons at the same time. Since the unconditional probability of less

than or equal to 3/8 sky cover varies with the time of year (see Table

XV), the probability of good weather at the sites may vary as a whole
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TABLE XV

Average Nighttime Probability of Less than
or Equal to 3/8 Sky Cover

Site Annual June December
"- m

1 .70 .75 .55

2 .70 .78 .73

3 .64 .65 .66

4 .52 .72 .35

5 .33 .38 .34

Note: These nighttime probabilities are defined by
observations taken at the weather stations betveen
2,000 hours and 0400 hours local time.
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so that the system performance may be dependent upon the time of year.

Table XV indicates that better weather occurs in June at most of the

GZODSS sites than in December.

The air-based system was chosen using the inputs shown in

Table XVI. This resulted in the selection of three sensors. The

sensors were located on lines of longitude separated by 120 degrees.

Two sensors were located 10 degrees north, and one sensor was located

10 degrees south.

This system was able to track the target system (all 4 target

types) 27 out of 40 times during a 24-hour period. In all cases the

target satellites in geosynchronous orbits were target within 24 hours.

The satellites in subsynchronus orbits limited the mission success

rate. The system was also evaluated with the sun at the winter and

* summer solstices. With the sun in the winter position, 40 out of 40

trials were successful in meeting the mission requirements.

Twenty-five trials were successes with sun in the summer position.

These runs strongly indicate that if all other aspects of the air-

and ground-based modes are equal, that is sensor performance and

; reliability, three air-based sensors can match or exceed the

performance of the GEODSS system which includes five sensors.

KOBASE was also used to choose an air-based system composed of

five sensors. The same inputs shown in Table XVI were used except the

sensor system was required to track the target system in 1200 minutes

with a probability of .99. The program was allowed to run until it ran

out of CPU time. At this point five sensors had been chosen.
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TABLE XVI

Inputs Used To Choose The Air Based System

Initialization

SEED 151 - -

JCOUNT 40 - -

NOWT 1- -
ICOIJNT 40 - -

DT 10. minutes
P .375- -
INPUT 0- -
INPUT 2 0- -
SUNTYP 4- -

Sensor

Mode 1.0 - -

Type 1.0 - -

Cutoff 10.0 visual magnitudes
Altitude 23.0 kilometers
Cycle time 120.0 seconds
Dwell time 0.0 seconds

Note: The sume target selection and mission
Inputs used to characterize the GEODSS system
were used to select the air-based system.
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These five sensors were located as shown in Table XV21. This

I? system was able to track the target system 37 out of 40 times in 24

. hours. The target satellite located in geosynchronous orbit were

.- always tracked within 24 hours. The performance of this system was

about as good as the GEODSS system in the absence of cloud cover.

The experiments with the air-based sensors indicate air basing

could significantly increase the frequency deep space satellites are

tracked. Three air-based sensors could conceivably match or surpass

the performance of the GEODSS system. In addition, a reliable air-

based system could assure that all geosynchronous satellites would be

tracked within any 24-hour period. This comparative analysis of the

CEODSS system with a system of hypothetical air-based sensors was

conducted in two phases. First, the capabilities of the GEODSS system

to track all four target types was determined, and the position of the

sun and cloud cover conditions were varied so that their effect upon

the capabilities of the GEODSS system could be estimated. The results

of these experiments showed that It was possible for an earth based

sensor to consistently track only two of the three type 1 targets and

three of the four type 4 targets in a 24-hour period. All of the type

1 and type 4 targets could be track in a 24-hour period. These

experiments also showed that cloud cover significantly reduces the

effectiveness of the GEODSS system and that the latitudinal position

F4  of the sun causes the effectiveness ef the GEODSS system to vary

considerably. Next, a system of air-based sensors was chosen which

could match the GEODSS system's capability to track the :arget system.

70



TABLE XVII

Five Sensor Air-Based System

Relative Longitude*

Sensor Latitude (degrees)

1 1.4039 0

2 1.4039 144

3 2.1041 216

4 0.6930 288

5 1.5708 72

Note: The longitude of the first sensor is randomly
chosen and the remaining sensors are placed relative
to it
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-: - Only three air-based sensors were needed. When a system of five air-

based sensors were chosen, it was found that this system could be

tracked within 24 hours nearly 100 percent of the time.

Unfortunately it cannot be stated without reservation that these

Kair-based systems would perform as well as indicated. As noted in

Chapter III under "Sensor Placement," submodel TRA& does not consider.1.
geographic features as part of the sensor placement process. Since it

is possible that the desired system configuration might not be

achievable in the real world, in practice these air-based systems might

not perform as well as indicated by the model.

In the next chapter, the Information contained in this study will

be summarized. Then some conclusions will be presented. Finally,

this work will close with some recommendations for further study.
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V Conclusion

The primary purpose of this thesis has been to evaluate the

possible benefits of an air-based system of electro-optical

telescopes. As a prerequisite, some effort has been made to show the

need for and the plausibility of such a system.

*Summary

The presence of the atmosphere is a serious hindrance to a ground-

based astronomical telescope. Because of this, the satellite tracking

telescopes of the Air Force's SPADATS network tend to be located at

remote sites at high elevation. The use of air-based sensors has been

suggested as a possible solution for this problem. This approach has

already been adopted by astronomers who use balloons and airplanes to

carry their infrared telescopes into the stratosphere.

Several efforts are currently under way to develop a high

altitude airship which can remain on station for extended periods of

time. The Air Force's program has already demonstrated the

feasibility of this kind of vehicle with the launch of High

Platform II in May of 1970, and the Navy, as demonstrated by its

Hi Spot, is seriously considering the high altitude airship for

operational use. On the other hand, NASA is studying the value of

this kind of airship for commercial use. NASA has purposed the HAPP

concept which utilizes a microwave transmitter to power a high
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concept which utilizes a microwave transmitter to power a high altitude

airship or perhaps a high altitude airplane.

- The program KOBASE has been developed to estimate the value of a

" . high altitude platform for satellite tracking. The program can be

used to assess the gain in performance conferred by the airship's high

operating altitude and flexibility in site selection. The program

simulates getting the first track on each satellite of a system of

deep space satellites using either a system of user input sensors or a

system of sensors selected by EOBASE.

The EOBASE program has been used here in a comparative analysis

of the GEODSS system with a hypothetical system of air-based sensors.

This analysis was conducted in two phases. First, the EOBASE program

was used to assess the capability of the GEODSS system to track four

'V target types, both individually and collectively. This analysis

showed that the affect of weather is quite detrimental to the GEODSS

system, and that the changing position of the sun can cause its

performance to vary considerably. Second, ROBASE was used to choose

an air-based sensor system based upon its ability to track all four

target types simultaneously at least as well or better than the GEODSS

system. Only three air-based sensors were needed to match the

performance of the CEODSS system. The performance of this system was

also found to be dependent upon the position of the sun. 9OBASE was

also used to select an air-based system of five air sensors. This

system was able to track the target system within 24 hours nearly

100 percent of the time.
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Conclusions

While the results of this study with EOBASE are not sufficient

grounds for launching a program to develop a system of air-based

satellite tracking telescopes, they do demonstrate that such a system

may have value. The possibility that three air-based sensors could

match the performance of the GEODSS system means that there could be

possible cost savings promising air-based sensors instead of ground-

based sensors. Also, the air-based sensor could have greater value in

the early warning role than the GEODSS system. The air-based system

is consistently able to track all the satellites in geosynchronous

orbit in less than 24 hours because unlike a ground-based system, it is

unaffected by weather. However, it should be emphasized that because

of the dearth of basing restrictions in the sensor placement process

in practice, the air-based system may not perform quite as well as

indicated.

Based upon the results of their study, the concept of using air-

based satellite surveillance telescopes warrants an engineering

feasibility study. This study is needed to determine if the required

sensitivity can be obtained with a sensor light enough to be carried

* by a high altitude airship or perhaps a high altitude airplane. Also,

" . this study is needed to establish a basis for a cost analysis.

Recommendat ions

Further refinements of the results obtained with EOBASE could be

useful. Following is a list of recommendations which should lead to

an improved understanding of the problems involved in choosing the

proper basing mode.
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I. Allow the user to input the target satellite orbital and

shape parameters of his choice.

2. Allow different negation times for each target type.

3. Revise subroutine VISIBLE to include the effect of

atmospheric transmittance.

4. Include basing restrictions in the sensor placement algorithm.
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A Use of the Model

The purpose of this section is to acquaint the EOBASE user with

.. the various input possibilities, how to interpret the data, and how to

interpret the output. As an aid to explanation, specific examples

will be used.

Inputs

All input is free formatted with both integer and real variables.

The first input card contains nine inputs. (1) SEED- the random

number generator argument (real), (2) JCOJNT - the number of times the

targets are placed to calculate sighting efficiencies (integer),

(3) NOWT - the number of sensor types choices to be input (integer),

(4) ICOUNT - the number of times TRAC is called to build confidence

in the selected sensor system (integer), (5) DT - the time increment

in TRACK in minutes (real), (6) P - the probability of success

required for a given mission (real), (7) INPUT - the number of

preselected ground based sensors to be entered (integer), (8) INPUT2 -

the number of preselected air and/or space sensors to be entered

(integer), and (9) SUNPOS - this number, 1-4, indicates the way the

latitudinal position is to be chosen (integer). See Table XVIII.

* The next set of data cards contains sensor type information. A

separate card is input for each sensor type, and contains all the

information given in Table XVIII. All inputs are real.
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Table XVIII

Example Scenario

Initialization

SEED 4239.- -

JCOUNT 50 - -

NOWT 1-
ICOUNT 10 - -

DT 10. minutes
P .8--
INPUT 0 - -

INPUT 2 0--
SUNTYP 4 - -

Sensor

Basing Mode 1.0 - -

Sensor 1.0 - -
Cutoff 16.0 visual magnitudes
Altitude 0. kilometers
Minimum tracking

time per cycle 120.0 seconds
Dwell time 0.0 seconds

Mission Data

Target type 4 --

Target type tracking
percentage 100 - -

Mission time 1440 minutes
Target type tracking

priority

The third set of data cards contain the target types selected and

their associated mission data. For each target type selected, a

single card with that target type number is included (real), followed

by a card containing the mission data for that target type (integer).

This is repeated for all target types selected, followed by a

"termination" card with a 99. on it (not needed If all target types

are selected). Again see Table XVIII.

82

.•. . .. .



If both INPUT and INPU72 equal zero, then the above mentioned

inputs and the data are entered as shown in Table XIX, otherwise sensor

location data is needed.

TABLE XIX

Input Data Format for Preselected Ground Base Sensors

Card # Contents

1 4239. 50 1. 10 10. .8 0 0 4

2 .1 1. .16 0. 120. 0.

3 4.

4 4 .93 100 1440 1

5 99.

The location of ground-based sensors are entered first in the

next set of cards. For each site entered, a single card containing

the sensor type, the latitude, longitude, and the altitude (all real)

is included in the order Just given. The following cards provide the

sky cover probabilities (see Table IV in Chapter II for the format).

Table XX provides an example input.

Air- and space-based sensors are input next. A card is entered

for each sensor and includes the sensor type, the orbital radius or

coordinate theta for air-based sensors, the eccentricity, the

inclination or coordinate theta, longitude of the ascending mode, and

the argument of perigee in the order ust given. See Table XXI.
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TABLE XX

Input Data Format for Preselected Ground Base Sensors

Card I Contents

1. 1. .925 6.145 0.

2 .54 M9 .32 .93 .48 .91 .50 .83 .45

3 .65 .94 .31 .92 .37 .83 .36

4 .72 .93 .21 .82 .28

5 .72 .85 .18

6 .66

Note: This card represents the GEODSS site at Faro, Portugal
located at 37.0 degrees north and 7.917 degrees west.
In Card 1, degrees have been converted to radians in
the geocentric coordinate referenced system. Cards
2-6 contain the annual sky cover probabilities.

TABLE XXI

Input Data Format for Preselected Air and Space Based Sensor

Card # Contents

4 1 1. 1.5708 0. 1.5708 0.0

2 1. 1000. 0. 1.5708 0.0

Note: Card I represents an air-based sensor located on the
equator. Card 2 represents a space-based senf.or in a
in a 90-degree, 1000-kilometer circular orbit. Angular
measurements are input in radians.

84

L,



.. . -. . . - . .l - /

Output

- .All sensor types, target types, sensor location, and sky cover

probabilities are printed out in an easy to read well documented

format. At the start of each TRAQC run, the track run is printed,

followed by all the sensors selected. When a target satellite is

tracked, the target number and sensor number are printed. At the

completion of each successful tracking sequence, the total time and

the number of targets tracked is printed. If tracking sequence is

unsuccessful, only the number of targets tracked is printed. After

all the tracking sequences have been completed, the number of

successful sequences and the total number of sequences are printed.

If the sensor system meets mission requirements, the sensor types and

location parameters for all sensors in the sensor system are printed.

All output is well documented.
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